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SYNERGISTIC COMBINATION COMPRISING ROFLUMILAST AND AN 
. ANTICHOLINERGIC AGENT SELECTED FROM IPRATROPIUM, 
OXITROPIUM AND TIOTROPIUM SALTS FOR THE TREATMENT OF 
RESPIRATORY DISEASES 

Field of application of the Invention 

The Invention relates to the combination of certain known active compounds for therapeutic purposes. 
The substances used In the combination according to the Invention are a known active compound 
from the PDE inhibitor class and active compounds from the anticholinergic agent class. 

Prior art 

International patent applications WO02/0 69945 and WO03/01 1274 generally describe the combination 
of a compound from the class of PDE4 inhibitors with a compound from the class of anticholinergic 
agents for the treatment of respiratory tract disorders. International Patent application WO02/096463 
describes an Inhaled combination of a selective PDE4 inhibitor and an anticholinergic agent, with the 
proviso that the anticholinergic agent Is not a tlotroplum salt. International patent application 
WO02/096423 describes a combination of therapeutic agents useful in the treatment of obstructive 
airways and other inflammatory diseases comprising (I) a PDE4 inhibitor that is therapeutically effec- 
tive in the treatment of said diseases when administered by inhalation; together with (II) an anticho- 
linergic agent comprising a member selected from the group consisting of tlotroplum and derivatives 
thereof that is therapeutically effective in the treatment of said diseases when administered by inhala- 
tion. In the US patent application No. US2002/0052312 a method for the treatment of chronic obstruc- 
tive pulmonary disease is described comprising administering orally to a patient in need of such treat- 
ment a therapeutically effective amount of a muscarinic receptor antagonist in combination with a 
therapeutically effective amount of at least one other therapeutic agent selected from the group con- 
sisting of: 82-agonist, antitussive, corticosteroid, decongestant, histamine H1 antagonist, dopamine 
antagonist, leukotriene antagonist, lipoxygenase Inhibitor, phosphodiesterase IV inhibitor, VLA-4 
antagonist, and theophylline. 



Summary <H the invention 

The invention relates to pharmaceutical compositions and methods for preventing or reducing the 
onset of symptoms of respiratory diseases, or treating or reducing the severity of respiratory diseases. 
In particular it relates to compositions and methods for treating respiratory diseases mediated by 
phosphodiesterase 4 (PDE4) by administering a PDE4 inhibitor together with another pharmaceuti- 
cally active agent, which affects pulmonary function. In this connection, it is the object of the present 
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invenlion to make available a certain respiratory tract therapeutic, which fulfills the following condi- 
tions: 

Pronounced antiinflammatory action 
Distinct bronchorelaxation and -dilatation 
Goad bioavailability 
Minor side effects 

Good suitability for long-term therapy 
Favorable influence on bronchial hyperreactivity 

It has now been found that the combined use of the PDE4 inhibitor roflumilast and an anticholinergic 
agent selected from the group of ipratropium, oxltroplum and tlotropium salts outstandingly fulfills the 
abovementloned conditions, in particular In view of the fact that the combination of the compounds 
acts synergistically, I e. exhibits a greater than additive effect ■ 

Accordingly,- the invention relates In a first aspecfcto a method for preventing or reducing the onset of 
symptoms of a respiratory disease, or treating or reducing the severity of a respiratory disease by 
administering to a patient in need thereof by inhalation an effective amount of roflumilast and an 
anticholinergic agent selected from the group of ipratropium, oxrtropium and tlotropium salts. 

The invention also relates to a pharmaceutical composition suited for administration by inhalation for 
preventing or reducing the onset of symptoms of a respiratory disease, or treating or reducing the 
severity of a respiratory disease, comprising an effective amount of roflumilast, an effective amount of 
an anticholinergic agent selected from the group of Ipratropium, oxJtropium and tlotropium salts, to- 
gether with pharmaceutical^ acceptable excipients and/or carriers. 

The invention additionally relates to a method for preparing a composition which is effective for pre- 
venting or reducing the onset of symptoms of a respiratory disease, or treating or reducing the severity 
of a respiratory disease, which method comprises mixing an effective amount of roflumilast and an 
anticholinergic agent selected from the group of Ipratropium, oxttropium and tlotropium salts with 
pharmaceutical ly acceptable excipients and/or carriers. 

The invention furthermore relates to the use of a combination of roflumilast and an anticholinergic 
agent selected from the group of ipratropium, oxftropium and tlotropium salts for the preparation of a 
pharmaceutical composition for preventing or reducing the onset of symptoms of a respiratory dis- 
ease, or treating or reducing the severity of a respiratory disease. 
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BfiteHsd description pf the invgntipn, 

The combination therapy which is the subject matter of this Invention comprises administering roflumi- 
last with an anticholinergic agent selected from the group of Ipratropium, oxitropium and tiotropium 
salts to prevent the onset of a respiratory disease event or to treat an existing condition. The two com- 
pounds are administered intranasal (e.g. In form of a nasal spray) or by inhalation together in a single 
dosage form; or they are administered Intranasal (e.g. In form of a nasal spray) or by inhalation in two 
different dosage forms. They may be administered at the same time. Or they may be administered 
both close In time or remotely, such as where one active compound is administered in the morning 
and the second active compound is administered In the evening. 

The combination may be used prophylactic or after the onset of symptoms has occurred. In some 
instances the combination may be used to prevent the progression of a respiratory disease or to arrest 
the decline of a function such as lung function. 

The invention thus relates to the combined use of rofiumiiast'and an anticholinergic agent selected 
from the group of ipratropium, oxitropium or tiotropium salts, preferably ipratropium bromide, oxitro- 
pium bromide or tiotropium bromide in preventing the symptoms of, or treating a respiratory disease. 

In the sense of the invention, the term "roflumilasf Is understood to include the pharmaceutically ac- 
ceptable salts and the N-oxide of ROFLUMILAST, which can likewise be used according to the inven- 
tion. 

ROFLUMILAST is the international nonproprietary name (INN) for 3-cyclopropylmethoxy-4-dlfluoro- 
methoxy-N-(3,5-dichIoropyrid-4-yl)benzamide [structure of formula (1.1)]. The preparation of 3-cyclo- 
propyimethoxy-4-difluoromethoxy-N-(3,5-dichloropyrid-4-yl)benzamide, its pharmaceutically accept- 
able salts and its N-oxide [3^ycIopropylmethoxy^^ifluoromethoxy-N-(3,5-dichloro-1-oxypyrid-4-yI)- 
benzamide; structure of formula (1 .2)] as well as the use of these compounds as phosphodiesterase 
(PDE) 4 inhibitors is described in WO95/01338. 
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Suitablo pharmaceutically acceptable salts of S-cyclopropylmethoxy-^dlfluoromethoxy-N^S.S-dichlo- 
ropyrid-4-yl)benzamide (ROFLUMILAST) are In particular water-soluble and water-insoluble add addi- 
tion salts with adds such as, for example, hydrochloric acid, hydrobromic acid, phosphoric add, nitric 
add, sulfuric add, acetic acid, citric add, r>glu conic acid, benzoic add, 2-(4-hydroxybenzoyl)-benzoic 
acid, butyric add, sulfosaiicylic add, maletc add, iauric acid, malic acid, fumaric add, succinic acid, 
oxalic acid, tartaric acid, embonic add, stearic acid, toluenes uKonlc acid, methanesuifonic acid or 
1-hydroxy-2-naphthoic acid, the acids being employed in salt preparation - depending on whether It is 
a mono- or polybasic acid and depending on which salt is desired - in an equimolar quantitative ratio 
or one differing therefrom. 

Anticholinergic agents suitable for use In the invention are ipratropium, oxitropium or tiotroplum salts. 
An ipratropium salt (see DE1 670142) has the structure of formula (1.3) 




9Hi 



(1-3) 

wherein Xis a pharmaceutically acceptable anion. 



An oxitropium salt (see DE1 795818) has the structure of formula (1.4) 



ch s ch, x ^ 




X" 
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wherein X is a pharmaceutical^ acceptable anion. 

A tlotroplum salt (see EP 418716) has the structure of formula (1 .5): 




wherein X is a pharmaceutical^ acceptable anion. 

Examples of suitable salt forms of ipratropium, oxitropium and tiotropium are fluoride, F"; chloride, CI"*; 
bromide, Br; iodide, I"; methanesulfonate, CH3S(=O) 2 0 r ; ethanesulfonate, CH3CH2S(«0) 2 0~; methyl- 
sulfate, ChbOS(«0)^T; benzene sulfonate CsHsS(=0)0~; and para-toluenesulfonate, 
4-CHj-CaH5S{=0)20~ The bromide salt form is preferred. 

Preferred combinations for use in the invention include: 

• roflumilast and an ipratropium salt, particularly ipratropium bromide 

• roflumilast and an oxitropium salt, particularly oxitropium bromide 

• roflumilast and a tiotropium salt, particularly tiotropium bromide or tiotropium bromide monohy- 

drate 

It is understood that the active compounds and their pharmaceutical^ acceptable salts mentioned can 
also be present, for example, in the form of their pharmaceutical! y acceptable solvates, in particular in 
the form of their hydrates. Of particular Importance In this connection is tiotropium bromide in form of 
its crystalline monohydrate as disclosed and described In detail in WO 02/30928. The preparation of 
crystalline water-free tiotropium bromide Is described in WO03/000265. An alternative process for the 
preparation of tiotropium bromide is described In WO02/051840. 
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Resplratory diseases which may be mentioned are In particular allergen- and inflammation-Induced 
bronchial disorders (bronchitis, obstructive bronchitis, spastic bronchitis, allergic bronchitis, allergic 
asthma, bronchial asthma, COPD), which can be treated by the combination according to the inven- 
tion also In the sense of a long-term therapy (if desired with appropriate adjustment of the dose of the 
individual components to the needs at the time, for example needs subject to seasonally related varia- 
tions). The combination is particularly useful in the treatment of COPD. 

"Combined use" or "combination" within the meaning of the present invention is to be understood as 
meaning that the individual components can be administered simultaneously (in the form of a combi- 
nation medicament - fixed combination), or in succession (from separate pack units - free combina- 
tion), dose in time or remote in time, in any order whatever. As an example, one active compound 
could be taken In the morning and one later in the day. Or In another scenario, one active compound 
could be taken twice daily and the other once daily, either at the same time as one of the twtce-a-day 
dosing occurred, or separately. Preferred is the once dally administration of the fixed combination. In 
case of administration. In succession of the two active compounds it Is preferred that the anticholiner- 
gic agent is administered first and rof lumilast thereafter. 

"Combined use" or "combination" within the meaning of the present invention is particularly to be un- 
derstood as meaning that the two active compounds act together in a synergistic manner. 

"Use" in accordance with the invention is to be understood to mean administration of the active com- 
pounds by inhalation (via mouth or via nose) or intranasal administration. As suitable administration 
forms for inhalation may be mentioned inhalation powders, propellant -containing aerosols and propel- 
lent-free inhalation solutions and/or suspensions. As suitable intranasal administration form may be 
mentioned, for example, a nasal spray or liquids for nasal administration (e. g. nose drops). 

Thus, the invention contemplates, for example, either co-administering both active compounds in one 
delivery form such as an inhaler, which is putting both active compounds in the same inhaler, or alter- 
natively putting the both active compounds in two different inhalers. Or, as a further alternative, admin- 
istering one active compound intranasally, for example in form of a nasal spray, and the other active 
compound by inhalation. 

The selective PDE4 inhibitors and the anticholinergic agents of the present invention may be conven- 
iently delivered In the form of a dry powder inhaler or an aerosol spray presentation from a pressurized 
container, pump, spray, atomizer (preferably an atomizer using electrodynamics to produce a fine 
mist) or nebulizer, with or without the use of a suitable propellant, e. g. dichlorodifluoromethane, tri- 
chlorofluoromethane, dichlorotetrafluoroethane, a hydrofluoroalkane such as 1,1,2^etrafluoroethane 
(HFA 134A [trade mark]) or, 1,1,1,2,3,3,3-heptafluoropropane (HFA 227EA [trade mark]), carbon dlox- 
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metered dose. The pressurized container, pump, spray, or nebulizer may contain a solution or sus- 
pension of the selective P0E4 inhibitor and/or the anticholinergic agent, e. g. using a mixture of etna- 
nol (optionally aqueous ethanol) or a suitable agent for dispersing, solubllizing or extending release 
and the propellant as the solvent, which may additionally contain a lubricant, e.g. sorbitan trioleate. 
Capsules, blisters and cartridges (made, for example, from gelatin or HMPC) for use In an Inhaler or 
Insufflator may be formulated to contain a powder mix of the selective PDE4 Inhibitor and/or the anti- 
cholinergic agent of the invention, a suitable powder base, such as lactose or starch and a perform- 
ance modifier such as l-leudne, mannitol or magnesium stearate. 

Prior to use in a dry powder formulation for Inhalation selective PDE4 Inhibitors and the anticholinergic 
agents of the Invention will be mlcronlsed to a size suitable for delivery by inhalation (typically consid- 
ered as less than 5 microns). MIcronisation could be achieved by a range of methods, for example 
spiral jet milling, fluid bed jet milling or use of supercritical fluid crystallization. 

. A suitable solution formulation for use in an atomizer using electrohydrodynamlcs to produce a fine- 
mist may contain from 1 ug to 10 mg of an anticholinergic agent of the invention and the actuation 
volume may vary from 1 to 100 uJ. A typical formulation may comprise an anticholinergic agent of the 
Invention, propylene glycol, sterile water, ethanol and sodium chloride. 

Aerosol or dry powder formulations are preferably arranged so that each metered dose or "puff con- 
tains from 1 to 4000 ug of an anticholinergic agent of the invention for delivery to the patient The 
overall daily dose with an aerosol will be In the range from 1 \ig to 20 mg which may be administered 
in a single dose or, alternatively, In divided doses throughout the day. 

Typical formulations for intranasal administration include those mentioned above for inhalation and 
further include non-pressurized formulations in form of a solution or suspension In an inert vehicle 
such as water optionally in combination with conventional exclpients such as buffers, anti-microblals, 
tonicity modifying agents and viscosity modifying agents, which may be administered by a nasal 
pump. 

With respect to tiotroplum bromide or tiotroplum bromide monohydrate suitable tiotroplum -containing 
powdery preparations for inhalative administration are disclosed in the international applications 
WO02/30389 and WO03/084509. In the international application WO02/098874 Inhalation capsules 
(Inhalettes) containing the active agent tiotroplum in the form of a powder preparation are disclosed. 
Propellant -free inhalation formulations of tiotroplum bromide or tiotroplum bromide monohydrate are 
disclosed In the International applications WO02/36104 and WO02/36591 . Aerosol formulations, free 
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dlsclosed In the international application WO03/084519. Methods for the production of mlcronlzed 
crystalline tlotroplum bromide are disclosed in WO03/078429. 

For the above-mentioned prophylactic and therapeutic uses the dosages administered will, of course 
vary with the first and second active compound employed, the treatment desired and the disorder Indi- 
cated. 

The active compounds are dosed In an order of magnitude customary for the individual dose. It more 
likely being possible, on account of the individual actions, which are mutually positively influencing and 
reinforcing, to reduce the respective doses on the combined administration of the active compounds 
compared with the norm. 

For Inhalation, ipratropium bromide Is administered in a dose of preferably 1 to 3 mg per day by once, 
twice, three or four times dally administration; oxitropium bromide is administered in a dose of prefera- 
: bly 0.2 to 0.6 mg per day by once, twice or three times daily administration; tiotropium bromide mono- 
hydrate is administered In a dose of 10 to 25 ug, preferably 22.5 ug per day by once daily administra- 
tion. 

For inhalation, 3<vclopropylmethoxy-4-drfluoromethoxy-N-(3,5-dlchloropyrid-4^I)benzamide (ROFLU- 
MILAST) is administered in a dose of 100 ug to 1000 |ig, preferably 250 ug to 500 |ig per day, pref- 
erably by once daily administration. 

For intranasal administration, 3-<jyclopropylmethoxy-4-difiuoromethoxy-N-<3,5-dichloropyrlcr4-yl)benz- 
amide (ROFLUMILAST) Is administered In a dose of 100 jig to 1000 ug, preferably 250 \ig to 500 jig 
per day, preferably by once daily adminlstratioa 

Prepgrat'on Examples; 

There follows a description of several Examples showing preparation of pharmaceutical compositions 
containing a combination of active compounds in accordance with the present Invention. These exam- 
ples are Intended to further illustrate the combinations of active compounds of the present invention, 
pharmaceutical compositions containing them and processes in accordance with which said pharma- 
ceutical compositions may be readily prepared by a person skilled in the art. The person skilled in the 
art will be aware of many other suitable processes and pharmaceutical^ acceptable carriers that are 
also available, as well as acceptable variations in the procedures and ingredients described below. 

Example 1: Dry Powder Inhaler (mono dose system based on capsule for inhalation) 
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2.50 g mlcronized ROFLUMILAST, 0.225 g micronized tlotroplum bromide monohydrate and 47.3 g 
lactose monohydrate are mixed in a turbula mixer in two steps. The blend is screened (0.71 mm sieve) 
to break up any agglomerates and, subsequently, transferred Into the container of a planetary mixer. 
After adding additional 200.0 g lactose monohydrate and mixing, 25 mg of the blend are filled into hard 
gelatin capsules size #3 using a capsule filling machine. The capsules can be administered with a 
commercially available Inhaler, e.g., the Cyclohalei®. One capsule contains 250 \tg of ROFLUMILAST 
and 22.5 ug of tiotroplum bromide monohydrate. 

Example 2: Dry Powder Inhaler (multi dose system) 

1 .50 g of mlcronized tlotroplum bromide monohydrate and 14.5 g of deagglomerated lactose monohy- 
drate are screened (0.5 mm sieve) and mixed In a turbula mixer until homogenous. The blend ob- 
tained is screened (0.5 mm sieve) and filled into a stainless steel container together with 6.67 g of 
screened ROFLUMILAST (0.5 mm sieve) and 227.4 g ofdeagglomerated lactose monohydrate and 
blended in a turbula mixer for a predetermined time. Another 250.0 g of deagglomerated lactose 
monohydrate are added to the bland." The powders are blended Jn a turbula mixer until homogenous. 
1 2. g of the blend are then filled Into the reservoir of a mufti dose powder inhaler. After fully assem- 
bling, the powder Inhaler Is pouched into a moisture protective aluminum foil. 

Such dry powder inhaler may contain 120 individual doses of 7.5 mg powder each containing 100 jig 
of ROFLUMILAST and 22.5 jig of tiotroplum bromide monohydrate. 
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Pharmacoloov 

Inhibition of Methachoiine-induced Bronchoconstrictlon in Guinea Pigs by ROFLUMILAST In 
combination with tiotroplum-bromide 

Objective 

To assess the inhibitory effect of tiotropiurn-bromide, ROFLUMILAST, and the combination of both 
compounds on methachoiine-induced bronchoconstriction in anaesthetized, mechanically ventilated 
guinea pigs. 

Animals 

Male Dunkin Hartley* guinea pigs; body weight 350-450- g when performing the experiments. 
Experimental procedure • 

75 min before methachoiine-induced bronchospasm (at -75 min) animals were anaesthetized with 
urethane l.p. (1 .2 g/kg). At -55 min for l.v. injections the right jugular vein and for ventilation the tra- 
chea was cannulated. At -45 min NaCI 0.9% or tlotropium-bromlde was administered i.v. (1 ng/kg). At 
-30 min lactose (10 mg/kg) or ROFLUMILAST (4 mg/kg) mixed with lactose was administered Intra- 
tracheally by a dry powder aerollzer. At -10 min pancuronlum-bromlde (1 .5 mg/kg) was administered 
i.v. to abolish spontaneous breathing. Animals were mechanically ventilated with 60 breath/min and a 
tidal volume of 7 ml/kg. Dynamic lung compliance (COM) and airway conductance (CON) were calcu- 
lated with the help of a computer system from airflow and ventilation pressure signals. At t=0 min 
methachollne was administered I.v. (60 u.g/kg) to induce bronchoconstriction. 

Analysis of lung physiology data 

COM and CON were determined up to 120 s after methachoiine-induced bronchospasm. AUCs for 0 
to 120s were determined. Inhibition was calculated based on the AUC data. Data are shown as mean 
± SEM. Results were taken to be significant if p<0.05 versus placebo (ANOVA and Dunnetfs multiple 
comparison test) 

Results 

Injection of methachollne induced an immediate bronchoconstriction characterized by a decrease of 
COM and CON; maximum at 20 s (Rg.1 and Fig. 2). 
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Pretreatment with ROFLUMILAST had no significant effect on methacholine-lnduced bronchospasm 
(Fig. 1 - 4, COM -1 .6 %, CON 5.6 %). 

Pretreatment with tiotropium-broinide had no significant effect on methachoiine-induced broncho- 
spasm (Fig. 1 - 4, COM 12 %, CON 5.9 %). 

Combination of both treatments led to an unexpected synergistic significant (p<0.01) inhibition of 
methachoiine-induced COM decrease (Fig. 1 and 3, COM 41 %) and CON decrease (Fig. 2 and 4, 
CON25%.p<0.05). 

Conclusion 

Whereas ROFLUMILAST and tiotropium-bromlda alone had no Influence on methacholine-lnduced 
bronchospasm in aneasthetized and mechanically ventilated. guinea p1g3 f combination of both active 
compounds showed an unexpected synergistic inhibition. 

PascriPttan of tha Flmmas; 

Figure 1 : Methachoiine induced compliance decrease in guinea pigs 
Figure 2: Methachoiine induced conductance decrease in guinea pigs 
Rgure 3: AUC Compliance 0-120 s 
Rgure 4: AUC Conductance 0-120 s 



